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ACU-SWMM 
Automated Calibration and Uncertainty (ACU) Analysis 

for Storm Water Management Model (SWMM)  
 

 

OVERVIEW 
ACU-SWMM is a software package designed for use with the EPA Storm Water Management Model 

(SWMM).  It was designed primarily for use with combined sewer systems where uncertainties from 

multiple sources can make model calibration difficult and severely impact the reliability of sewer flow 

predictions.  ACU-SWMM has two primary functions.  First, it is intended for automated calibration 

of SWMM models of urbanized basins.  Second, it computes Control Volumes and uncertainty 

bounds for combined sewer overflow (CSO) volumes with a once-per-year frequency of occurrence.  

The automated calibration features are not specific to combined sewer systems and may be used with 

any SWMM basin model.  

 

ACU-SWMM has four major modules.  Two modules are for automated calibration and two modules 

are for conducting an uncertainty analysis for estimating the CSO control volume.  Detailed 

descriptions of the computational procedures for automated calibration and uncertainty analysis will 

not be presented here.  The reader is referred to Chapters 5 and 6 of the CSO Technical Guidance 

Manual for a detailed description of the computational procedures.   The functions of the four 

modules are briefly described below. 

 

Module 1 ð Automated Calibration  
Module 1 of automated calibration includes all of the tasks for project description, file management, 

data management, identifying flow and depth meters used for calibration, identifying model 

parameters used for calibration, setting sampling ranges of parameter values and conducting numerous 

simulations by executing the SWMM basin model in a batch mode.   

 

Module 2 ð Goodness-of-Fit Measures 
Module 2 of the automated calibration process includes computation of the numerical goodness-of-fit 

(GOF) measures for comparison of recorded and computer simulated hydrographs, weighting the 

relative importance of specific flow and depth meters and specific storm events for use in computing 

global GOF measures, computation of global GOF measures reflecting the combined importance of 

the various meters and storms, sorting SWMM model parameter sets in order of global GOF measures 

and viewing of comparisons of recorded and simulated hydrographs for selection of the best-fit model 

parameter set.   

 

Module 3 ð Uncertainty Simulation  
Module 3 is the first component of the uncertainty analysis which includes conducting long-term 

simulations.  Precipitation scaling factors are computed that are used to scale the long-term 30-year 

precipitation time-series which is used to mimic the variability in sewer flow predictions arising from 

four sources of uncertainty.  The four sources of uncertainty for sewer flow predictions are: 
 

¶ representativeness of prior 30-year precipitation time-series relative to future precipitation  

¶ possible effects of climate change on future precipitation time-series 

¶ model uncertainty in the SWMM computer model 

¶ residual uncertainties, aggregation of uncertainties from multiple sources. 
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Module 4 ð Control Volume Uncertainty  
Module 4 is the second component of the uncertainty analysis and is used for computing the best-

estimate control volume and uncertainty bounds for the overflow volume with a once-per-year 

frequency of occurrence. 

 

Operation of each of these four modules is described in the following sections. 

 

 

OPERATION OF ACU-SWMM 
ACU-SWMM is started by either Clicking on the ACU-SWMM icon shown on the list of programs 

displayed after Clicking the MS Windows Start button or by double-Clicking on the ACU-SWMM 

icon on the desktop.  When the program starts up, an initial blank blue screen is displayed as shown in 

Screen-Shot 1.  Clicking on File initiates the drop-down menu with the options of creating a new 

project, opening an existing project or exiting the program (Screen-Shot 1).    

 

 
 

Screen-Shot 1 ï Initial Screen Displayed Upon Program Start-Up 

 

Creating a New ACU-SWMM Project  
To create a new project, Click on NewProject which brings up the data entry screen for setting the 

project folder and for identifying the data management file (Screen-Shot 2).   

 

Important Note:  All of the project files should be kept in a project folder to minimize pathing 

problems.  Before starting ACU-SWMM, create a project folder on your hard drive.  Put the SWMM 

template (.INP) file along with the meter (.CSV) files in the project folder.  ACU-SWMM will store 

the project database and results database files in the project folder along with the SWMM input files 

from each simulation. 

  

The data entry prompts shown on Screen-Shot 2 are defined as follows: 

Project Name ï will be the filename for the MS Access database file that stores project data 

Project Folder ï is the name of the folder created to store the SWMM template (.INP) file, meter 

(.CSV) files, the project database, simulation results database, and all other project files 

CSO Basin ï is a text field that is used in project reporting 

Simulation Results Database File ï is the MS Access database file used to store the sampled model 

parameter values and goodness-of-fit results.  This must be a different filename than the project 

name above and recommend adding ñ _Outò to the project name file to differentiate it from the 

project database file 

SWMM Template File ï is the SWMM template (.INP) file used by ACU-SWMM to create input 

files for each simulation 

Notes ï is a text field used for user convenience and displayed in project reports 
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Screen-Shot 2 ï Data Entry Screen for New Project 

 

When data entry is complete, Click OK and the relevant database files are created or connected, 

and the SWMM template (.INP) file is read by the program.  In this case, Montlake20.mdb holds 

the simulation settings (sampling parameters, meter information, etc) and Montlake20_Out.mdb 

will hold the sampled parameters and goodness-of-fit results from each simulation.  ACU-SWMM 

will then display the standard screen format (Screen-Shot 4a) where the left panel provides 

connection to the four modules and the options for a given module.  The panels on the right are the 

working area where current operations are active.     

 

Opening an Existing ACU-SWMM Project 
To open an existing project, start ACU-SWMM and then Click File> Open.  Navigate to the project 

folder and select the project file to open (MS Access .mdb file).  In this example, the project file would 

be Montlake20.mdb (Screen-Shot 3).  The project database and results database files will be connected 

automatically and ACU-SWMM will display the standard screen which consists of a navigation panel 

on the left and data entry screens on the right (Screen-Shot 4a). 
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Screen-Shot 3 ï Listing of Files in Project Folder for Opening an Existing Project 

 

 

MODULE 1 ð AUTOMATED CALIBRATION 
The Automated Calibration module has 5 components which are used to provide all of the data and 

information necessary for conducting simulations of the SWMM basin model.  These 5 components 

are listed in the upper left corner of the left panel (Screen-Shot 4a) and are selected by a click of the 

mouse.  The functionality of each of the five components is described below. 

 

Define Simulation Data  
The Define Simulation Data component provides the ability to identify where the flow and depth 

meters are located in the sewer system for use in model calibration.  The links and nodes where flow 

and depth meters may be located are listed in a tree structure in the center-left panel (Screen-Shot 4a).  

Flow meters are typically located within conduits (links).  Depth measurements may be part of the 

flow meter assembly and located in a conduit or may be part of depth-only meters which are often 

located at access holes, weirs, storage tanks (nodes).  The tree structure is created automatically by 

reading the SWMM input (.INP) template file and may be expanded or collapsed with the +  or ï 

button.          

 

Define meter locations by Dragging the element where the meter is located on the center-left panel to 

either the Flow Calibration Panel or Depth Calibration Panel on the right (Screen-Shot 4b).  The 

element will automatically attach to the appropriate node or link.                                                                                                           

In Screen-Shot 4b, flow meters for model calibration are seen to be located in SWMM conduits     
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03-039_031-038 and 031-384_031-381. To remove a selected element, right Click on the element 

and Select Remove.  When complete, Click Save Selections to save them to the project file. 

 

 
 

Screen-Shot 4a ï Standard Screen Format and Working Panel for Automated Calibration Options 

 

 
 

Screen-Shot 4b ï Defining Elements Where Flow Meters and Depth Meters are Located 
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Define Recorded Data  
The Define RecordedData component provides the ability to connect the meter data file and to set 

meter characteristics. Clicking on the Define RecordedData label opens the data entry screen for 

defining the recorded meter data (Screen-Shot 5a).    

 

Click the Recorded Data File Button in the center-top of the screen to open the screen for 

selecting the data files (Screen-Shot 5b).  Use this data entry screen to define the recorded data file 

for the selected model element.  Navigate to the project folder and Drag the .CSV file from the 

project folder window on right (Screen-Shot 5b) to the Data File field at left.  The headers in the 

.CSV file will automatically loaded into the list date/time and data field boxes.  Make sure to 

choose the correct field for the date/time and data fields before selecting OK.   

 

Repeat this process for the other meter(s) in the project. 

 

 

 

 

 

 

 

 

 
 

Screen-Shot 5a ï Defining Elements Where Flow Meters and Depth Meters are Located 

 

 

 
 

Screen-Shot 5b ï Defining Elements Where Flow Meters and Depth Meters are Located 
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After defining the recorded data files, the following meter characteristics fields (Screen-Shot 5c) 

are entered: 

 

Meter ID ï The Meter ID appears on subsequent screens to identify the meter 

 

Time Step ï Time step (minutes) of the recorded data 

 

Calibration Threshold ï The calibration threshold defines the minimum flow rate or minimum 

depth to be used in computing goodness-of-fit (GOF) measures for model calibration.  Only values 

above the threshold are used in the GOF computations.  The measurement units for the calibration 

threshold are the same units as the recorded data ï mgd for flow and feet for depth. 

 

Click Save Changes when finished entering meter complete. 

 

 

 

 

 

 

 

 
 

Screen-Shot 5c ï Data Entry of Fields for Recorded Meter Data Characteristics 

 

Define Subcatchment  Groups 

Calibration Parameters are applied on a subcatchment level.  It is common that the same calibration 

parameter values are to be assigned to multiple subcatchments.  Assigning of calibration parameter 

values to subcatchments is accomplished by defining Subcatchment Groups and including multiple 

subcatchments to each group.  

 

Manual Method of Defining Subcatchment Groups  

Subcatchment Group Names are created by entering the subcatchment group name into                      

the Add Subcatchment GroupName text box and Clicking Add.  Screen-Shot 6a shows where the 

subcatchment group names of Buildings and Parcels were created and are now listed in the center-

left panel.   

 

Subcatchments are then assigned to Subcatchment Groups by selecting multiple subcatchments in 

the center-right panel and Dragging them into the appropriate Subcatchment Group in the center-

left panel as seen in Screen-Shot 6b.  Click Save Changes when finished. 

 

Pre-Defined Subcatchment Groups  

Subcatchments may also be assigned to Subcatchment Groups using a pre-defined list created 

during the construction of the SWMM basin model.  The pre-defined subcatchment groups and 

associated subcatchments are loaded from a .CSV file located within the project folder.  This is 

accomplished by Clicking on the Load button which brings up the files located in the project 

folder.  Selecting the .CSV file of group names and Clicking on Open will load the subcatchments 

and subcatchment groups into the center-left panel.  Click Save Changes when finished. 
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Screen-Shot 6a ï Example of Defining Subcatchment Group Names 

Available Subcatchments are Listed in Center-Right Panel 

 

 

 
 

Screen-Shot 6b ï Assignment of Subcatchments to Subcatchment Groups is Complete 
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Parameter Sample  
The automated calibration procedure utilizes a Monte Carlo sampling approach similar to that used in 

the Generalized Likelihood Uncertainty Estimation (GLUE) approach initially developed by Bevin 

and Binely
1
.  Additional information on this approach is described in the CSO Technical Guidance 

Manual
2
.  The Parameter Sample component is used to identify the probability distribution, and 

minimum and maximum values of the model parameters that will be used in automated calibration.  

As discussed in the prior section, the model parameters used for calibration are associated with 

Subcatchment Groups and those groups are identified here.   

 

Adding Model Parameters for Calibration 

The Calibration Model Parameters and Sampling Characteristics are defined by first Clicking the 

green plus sign icon (Screen-Shot 7a).  Select the desired model parameter from the list box, and 

identify a subcatchment group (Screen-Shot 7b).  Select the probability distribution for sampling 

and that selection will cause the correct sampling property text entry boxes to activate (minimum 

and maximum or mean and standard deviation).  Use the keyboard to enter the desired values in the 

sampling property fields.  The Red X icon remains illuminated until the selections are saved.  After 

all of the data fields are deemed satisfactory, Click the Floppy Disc icon to save the data which will 

be displayed in the upper panel (Screen-Shot 7b).  This process is repeated for each combination of 

model parameter and subcatchment group.   

 

 
 

Screen-Shot 7a ï Screen for Setting Model Parameters                                                                              

and Sampling Characteristics for Automated Calibration 
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Deleting Previously Selected Model Parameters for Calibration 

Removal of any of the previously selected model parameters is accomplished by first marking the 

model parameter to be edited.  This is done by Clicking on the index button to the left of the 

parameter (upper panel) which marks the record with a black pointer.  Right clicking provides a 

selection to remove the parameter.  Removal of multiple parameters is accomplished by first 

highlighting the records to be removed and then right Clicking and confirming deletion of the 

records. 

 

Editing Model Parameters for Calibration 

Editing of the any of the model parameters is accomplished by first marking the model parameter 

to be edited.  This is done by Clicking on the index button to the left of the parameter (upper 

panel) which marks the record with a black pointer.  Clicking on the yellow Pad and Pencil icon 

then allows access to editing the parameter sampling characteristics as the boxes in the lower 

panel are activated.  After changes are made, click on the Floppy Disc icon to save the changes.   

 

 
 

Screen-Shot 7b ï Screen for Adding or Editing Model Parameters and Sampling Characteristics 

 

 

Run Simulations  
The Run Simulations component provides the ability to sample the model parameters and to view the 

sample values.  It also provides the ability to sample the model parameters and to execute the EPA 

SWMM model in a batch mode.  This allows numerous simulations to be conducted without 

interaction from the analyst.  

 

A number of inputs must be provided before sampling of modeling parameters or executing 

simulations for automated calibration.  The inputs for conducting simulations include. 

 

Simulation Name ï Computer generated name produced when the Sample and Run button is 


